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STEM Degrees: STEM Participants:

Major Goals: This grant was used to purchase a new, state-of-the-art 400MHz Bruker Avance Il Nuclear
Magnetic Resonance (NMR) Spectrometer to support both research and teaching applications. The NMR was
installed successfully in May 2017. The NMR has become vital to new and existing research programs at the
university. These projects include isolating and analyzing natural products that could treat human diseases,
developing smart polymers that have interesting biomedical and material science applications, developing materials
that have novel sensor capabilities, and synthesizing new molecules that could treat neurological disorders, such
as traumatic brain injuries. The NMR is also becoming incorporated into the academic courses for students
studying analytical chemistry. Most students do not get hands-on training with an NMR within their classroom or
laboratory courses. The NMR will provide unique opportunities to our students as they train to become the next
generation of scientists, doctors, and engineers.

Accomplishments: Introduction

The grant Using NMR to Expand Chemistry Research and Educational Experiences at North Carolina Central
University, an Historically Black University (GRANT12037919) was used for the purchase of a new 400MHz Bruker
Avance lll HD nuclear magnetic resonance spectrometer (NMR)1 within the Department of Chemistry and
Biochemistry of North Carolina Central University (NCCU; Durham, NC) to support and expand research and
educational opportunities. The NMR was successfully installed in May 2017. This new NMR replaced an aging
300MHz Varian NMR within the NCCU chemistry department. The new NMR is more powerful, smaller, and easier
to use and maintain. This report will describe the expanded research capabilities and the additional educational
opportunities afforded by this NMR.

The new NMR has allowed the initiation of two new research projects within the chemistry department. The first
project is within Prof. Omar Christian’s group. This research isolates and determines the molecular structure of
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medicinally promising compounds from native plants. These compounds are then assayed to anti-inflammatory
activity to treat medical conditions such as hypertension and arteriosclerosis, which disproportionally affect minority
populations.2 This research will be extended to include isolating and characterizing natural product active
metabolites responsible for the antibacterial, anti-inflammatory, antioxidant and mosquitocidal activities observed in
various local, native plants. This research project would have been incredibly more difficulty without the power and
speed of the new NMR.

The second newly initiated project within Prof. Nathan Wymer’s research group attaches the
immunosuppressant cyclosporine A (CyA) onto a carrier protein in order to shuttle the CyA across the blood brain
barrier. Research studies have shown that CyA can protect the mitochondria within neural cells for patients
suffering from various degenerative neurological disorders, including traumatic brain injuries,3 Alzheimer’s disease,
4 multiple sclerosis,5 and amyotrophic lateral sclerosis (ALS).6 The CyA must be chemically linked to the carrier
protein. This project is currently using the NMR to support these synthetic efforts to prepare various chemical
linkers.

The new NMR has been used to support the day-to-day needs of the synthetic chemistry needs of the
department’s research, as described within the original application. These projects include designing and
synthesize stimuli-responsive polymers and “smart” materials within Prof. Darlene Taylor’s group.7 Taylor’s group
is also engineering novel hole transport materials that can be used in a variety of fields, such as efficient solar cells.
8 Prof. Fei Yan’s group is synthesizing and investigating nanotechnology technologies that can measure reactive
oxygen species within cells to determine their impact on human health.9

Each of these research groups contains significant number of undergraduate and graduate students performing
advanced chemical and biochemical research. The new NMR purchased with this grant will help the department
sustain this high number of research opportunities for NCCU students.
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Training Opportunities: Education

The NMR will also be incorporated in the analytical chemistry courses within the NCCU Department of
Chemistry and Biochemistry. The ease of use and automated sample changer allow for students to prepare their
own samples, get experience in using the NMR instrument and software, and interpreting real world NMR spectra.
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Department of Defense - Research and Education Program for Historically Black
Colleges and Universities and Minority-Serving Institutions (HBCU/MI)
Equipment/Instrumentation (W911NF-15-R-0025)

Final Technical Report on Using NMR to Expand Chemistry Research and Educational
Experiences at North Carolina Central University, an Historically Black University
(GRANT12037919)

Introduction

The grant Using NMR to Expand Chemistry Research and Educational
Experiences at North Carolina Central University, an Historically Black University
(GRANT12037919) was used for the purchase of a new 400MHz Bruker Avance Il HD
nuclear magnetic resonance spectrometer (NMR)' within the Department of Chemistry
and Biochemistry of North Carolina Central University (NCCU; Durham, NC) to support
and expand research and educational opportunities. The NMR was successfully
installed in May 2017. This new NMR replaced an aging 300MHz Varian NMR within the
NCCU chemistry department. The new NMR is more powerful, smaller, and easier to
use and maintain. This report will describe the expanded research capabilities and the
additional educational opportunities afforded by this NMR.

Figure 1: The Bruker Avance Ill NMR installed in My 2017 within the NCCU
Department of Chemistry and Biochemistry

Research

The new NMR has allowed the initiation of two new research projects within the
chemistry department. The first project is within Prof. Omar Christian’s group. This
research isolates and determines the molecular structure of medicinally promising
compounds from native plants. These compounds are then assayed to anti-
inflammatory activity to treat medical conditions such as hypertension and
arteriosclerosis, which disproportionally affect minority populations.? This research will
be extended to include isolating and characterizing natural product active metabolites
responsible for the antibacterial, anti-inflammatory, antioxidant and mosquitocidal
activities observed in various local, native plants. This research project would have
been incredibly more difficulty without the power and speed of the new NMR.
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The second newly initiated project within Prof. Nathan Wymer’s research group
attaches the immunosuppressant cyclosporine A (CyA) onto a carrier protein in order to
shuttle the CyA across the blood brain barrier. Research studies have shown that CyA
can protect the mitochondria within neural cells for patients suffering from various
degenerative neurological disorders, including traumatic brain injuries,> Alzheimer’s
disease,* multiple sclerosis,” and amyotrophic lateral sclerosis (ALS).? The CyA must be
chemically linked to the carrier protein. This project is currently using the NMR to
support these synthetic efforts to prepare various chemical linkers.

The new NMR has been used to support the day-to-day needs of the synthetic
chemistry needs of the department’s research, as described within the original
application. These projects include designing and synthesize stimuli-responsive
polymers and “smart” materials within Prof. Darlene Taylor’s group.” Taylor’s group is
also engineering novel hole transport materials that can be used in a variety of fields,
such as efficient solar cells.® Prof. Fei Yan’s group is synthesizing and investigating
nanotechnology technologies that can measure reactive oxygen species within cells to
determine their impact on human health.®

Each of these research groups contains significant number of undergraduate and
graduate students performing advanced chemical and biochemical research. The new
NMR purchased with this grant will help the department sustain this high number of
research opportunities for NCCU students.

Education

The NMR will also be incorporated in the analytical chemistry courses within the
NCCU Department of Chemistry and Biochemistry. The ease of use and automated
sample changer allow for students to prepare their own samples, get experience in
using the NMR instrument and software, and interpreting real world NMR spectra.
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